Background: L1 retrotransposons have co-evolved with their mammalian hosts for the 16
L1 emerged in the Sigmodontini, B1 was too degenerated to retrotranspose, resulting in B1 128 extinction even in the presence of high L1 activity. 129
In this study, we investigate the evolution histories of L1 and B1 spanning the time of 130 their extinctions and the radiation of the extant species in Sigmodontinae (Figure 1 ). Since the 131 group carrying extinct L1s and B1s (Oryzomyalia, Figure 1) shares a common ancestor, we used 132 the marsh rice rat Oryzomys palustris to represent this group, hereafter referred to as the "L1-133 extinct clade". We used the hispid cotton rat Sigmodon hispidus to represent the clade carrying 134 active L1 but inactive B1, hereafter referred to as the "basal group". We used the deer mouseUsing genome trace files from the species representing the L1-extinct clade and the basal 138 group, we show that the activity of L1 and B1 families that precede the divergence of the clades 139 is comparable in the current genomes of the two groups. L1 families had been steadily replaced 140 before the split of the two groups and maintained activity after the split of the basal group and 141 the L1-extinct clade. Shortly after this split L1 activity ceased in the L1-extinct clade but 142 became highly active in the basal group. B1s, on the other hand, had a very large increase in 143 activity prior to the split between the L1-extinct clade and the basal group, and there is no strong 144 evidence of activity in the two groups following their divergence. The large burst of B1 activity 145 just prior to extinction suggests that L1 quiescence is unlikely responsible for B1 extinction. The 146 last wave of B1 retrotransposition is the largest detectable in the B1 evolutionary history of the 147 group, suggesting B1s' strong competition with L1s or enhanced host defense triggered by 148 radical B1 expansion might have contributed to the extinction of L1. sequence was approximated by its percent divergence from the corresponding subfamily 161 consensus -the higher the percent divergence, the older the sequence. The peak of the 162 distribution was used as an approximation of the age of the subfamily (Table S1) . Given the 163 possible changes of evolution rate in the detectable range of L1 evolutionary, a global conversion 164 from percent divergence to time is challenging. However, because of the shared evolutionary 165 history of O. palustris and S. hispidus, percent divergence is a reasonably good marker to 166 compare the age of L1 subfamilies of the two species. 167
Subfamily consensus sequences were also subjected to phylogenetic analysis ( Figure S1 ). 168
Subsequently, phylogenetic relationships and sequence similarities between subfamilies were 169 used to assign subfamilies to families with the stipulation that the pairwise distance between 170 subfamilies within a family be no greater than 3.5%. This distance was determined operationally 171 based on the divergences among phylogenetically clustered subfamilies. Clusters of subfamilies 172 that were similar at the sequence level but differed in age were assigned to different families.This process identified five families specific to S. hispidus (S1 to S5), four families shared by O. 174 palustris and S. hispidus (OS1 to OS4) and two shared by P. maniculatus, O. palustris and S. 175 hispidus (OSP1 and OSP2, Table S1 ). A distance-based phylogeny reflecting the relationship 176 between L1 families is presented in Figure 2A . Individual sequences were assigned to the 177 families to which their subfamilies belong; the age distribution within a family is based on the 178 distance of each sequence from its subfamily consensus (Figure 3) . 179
As expected, sequences from L1 families shared by O. palustris and S. hispidus are 180 present in both genomes, and these shared families are fairly synchronized in time and 181 comparable in copy number ( Figure 3A ). The Sigmodon-specific L1 families ( Figure 3B , 182 families S1-5) experienced substantial amplification after divergence from the L1-extinct clade, 183 whereas no Oryzomys-specific subfamilies were identified by COSEG. The Sigmodon-specific 184 subfamilies had a few sequences from the O. palustris genome assigned to them, but these 185 assignments appear to be anomalous since the sequences are highly divergent from the subfamily 186 consensus sequences (Table S1 ). Family OS1, the youngest shared family is of special interest. 187
Family OS1 corresponds to a single L1 subfamily, suggesting that there was little divergence of 188 L1s within the family. It is the last active family prior to the L1 extinction and has ~1. In order to study the B1 dynamics in sigmodontine rodents, we performed the analysis on 199 B1 similar to that done on L1. Because of the short length and CpG-rich nature of B1, we 200 required twice as many sequences to form a subfamily in the second round COSEG as described 201
in Methods. The analysis revealed 30 subfamilies and five families of B1 in both species (Table  202 S2). A distance-based phylogeny reflecting the relationships between B1 families is presented in 203 basal group is to be determined. Here we show that the peak of the most recent B1 family 210 resides at ~11.3% in O. palustris and ~10.7% in S. hispidus (Table S2 ). These peaks reside in 211 the same time window as L1 family OS2 (~11.1% in O. palustris and ~10.3% in S. hispidus, 212 Table S1 ), suggesting that B1 family OS1 is coincident in time with L1 family OS2. Since L1 213 family OS2 is the youngest L1 family prior to the separation of the basal group and the L1-214 extinct clade, the last wave of B1 retrotransposition likely preceded the extinction of L1. 215 work is made possible by sequencing methods that allow us to gather large amounts of sequence 220 data and by the availability of a robust species phylogeny for the group (Figure 1) . A recent 221 phylogenetic analysis of muroid rodents [68] indicates that the tribe Sigmodontini is basal to the 222 group and sister to the tribe Ichthyomyini. These two tribes are sister to a large, polytomic group 223 (the Oryzomyalia) which includes the remaining five tribes; this group is the result of a rapid 224 radiation of rodents into South America about 5 MYA [69] . Previous work indicated that L1s 225 are extinct in the Oryzomyalia but active in the Sigmodontini, which includes one genus, 226 has been previously suggested [56] . The evolutionary history of B1 in O. palustris and S. 243 hispidus is comparable. New B1 deposition into the genome was low except for the period 244 directly preceding B1 extinction (Figures 4B and 5) . Given the short length of B1s, it is more 245 difficult to identify subfamily clusters, so our estimation of the timing of B1 extinction is weaker 246 than for L1. However, two lines of evidence suggest that the last burst of B1 activity occurred 247 prior to the split between the L1-extinct and basal groups. First, the peak activity of B1OSP1 248 corresponds most closely to the peak activity of L1OS2, which appears to precede the split of 249 these two rodent clades. Secondly, there is no indication of large differences of activity for any 250 of the B1 subfamilies, as was the case for L1. We suggest that finding the status of both L1s 251 and B1s in the Ichthyomyini lineage might be critical to resolving the timing of B1 extinction. 252
The most challenging part of studying transposable element evolution history in rodents 253 is the limitation of time windows reflected by detectable sequences. The sequences detectable 254 by RepeatMasker decrease drastically beyond 40% divergence. Since the mutation rate in the 255 rodent lineage is one of the highest in all mammals, 40% divergence in L1 and B1 traces back to 256 the common ancestor of sigmodontine rodents and P. maniculatus, while similar studies on bats 257
[54] and primates [70, 71] trace back to the common ancestor of mammals. Fortunately, P. 258 maniculatus carries both active L1s and B1s and is close enough to serve as an outgroup in this 259 study. We were able to identify an L1 family shared by O. palustris, S. hispidus and P. 260 maniculatus, family OSP1. 261
However, there is an advantage of studying rodents in this type of evolutionary study. 262
Since the mutation rate in the rodent lineage is higher than that of primates and bats due to 263 shorter generation time, evolution in L1 and B1 families reflected by a given span of divergence 264 covers a wider window of time compared to more slowly evolving species. This gives the agedistributions of L1s and B1s higher resolution and allows us to discern subtle differences 266 between subfamily ages. 267
This study is fully bioinformatics-based, but several points are important if one is to 268 consider the underlying molecular events relevant to transpositional bursts and extinctions. L1 269 and B1 retrotransposition is regulated by a plethora of cellular factors [41] [42] [43] 52] and reliant on 270 others [46, 47] . For evolutionary studies, especially the ones related to L1 and B1 extinction, the 271 historical state of host cellular factors could dramatically change the retrotransposition 272 landscape. Given that not all cellular factors that affect L1 and B1 retrotransposition are known 273
and that coevolution between the elements and these cellular factors is expected, it is not 274 currently possible to fully deduce the molecular events surrounding L1 extinction. However, 275 from an evolutionary perspective, fixed retrotransposition events are recorded in the genome and 276 evolve neutrally as pseudogenes unless excised or too old to be recognized. Therefore, the fossil 277 record of L1s and B1s in the genome is a good temporal record of retrotransposition over time. 278
However, one should keep in mind that estimation of retrotransposition rate based on historical 279 L1 copy numbers could be affected by the excision rate of the host genome. It has been shown 280 that the mammalian genomes have been constantly expelling sequences by various mechanisms 281 and the excision rate varies in different clades of mammals [72] . As old insertions are not 282 actively making new copies, they are exposed to the excision mechanisms for longer time, thus 283 fewer copies of the older families are represented on the histogram. Old L1 and B1 copies also 284 suffer from the recognition limitation of alignment algorithms. Detectable L1 and B1 copies are 285 drastically reduced beyond 40% divergence. (http://www.repeatmasker.org/COSEGDownload.html) run to identify subfamilies base on 325 shared, co-segregating sequence variants. All COSEG runs were conducted under default 326 parameter except as noted. Parameters were set such that at least 250 sequences were required to 327 form an L1 subfamily and 1,000 were required to form a B1 subfamily. In order to identify older 328 subfamilies, the consensus sequences of the subfamilies identified by the first COSEG run were 329 used as queries to again search the O. palustris and S. hispidus MiSeq libraries using 330
O. palustris and S. hispidus
RepeatMasker. The identified sequences from the second RepeatMasker run were filtered for 331 >90% coverage and extracted. O. palustris and S. hispidus sequences are combined and a second 332 random subfamilies due to the short length of B1 and the high copy number of the detectedsubfamilies without inflating the number of families. Families are named according to their 357 species-specificity and age: "S" indicates Sigmodon-specific families, "OS" for families shared 358 by Sigmodon and Oryzomys and "OSP" for families shared by Sigmodon, Oryzomys and 359
Peromyscus; numbers in family names indicates the age of a family within the family group with 360 "1" being the youngest. Histograms of L1 and B1 age distributions were generated by R [77] 361 histogram function using a window size of 1% (Figure 3) . Percent divergence corresponding to 362 retrotransposition peaks of individual families and subfamilies were determined by R using the 363
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2.
Lander shows the B1 tree. To reflect ages of the families, the trees were based on the distance between 609 families. The distance between any two families was calculated by taking the average pairwise 610 distance of the consensus sequences of subfamilies that belong to each family. 611 Table S1 . The statistics and designation of L1 subfamilies and families. "Ory" stands 645 for O. palustris and "Sig" stands for S. hispidus. "Peak" indicates the peak of the L1 divergence 646 distribution of the subfamily or family identified by kernel smoothing. Copy numbers are 647 normalized as copies per three Gbp of MiSeq sequence used for the search, which approximates 648 the copy number per haploid genome. Designation of families is only shown after the first 649 subfamily that belongs to it; all subsequent subfamilies belong to this family until the 
